In species exhibiting intersexual conflict over mating, the outcome of female-male sexual encounters may depend on the phenotypic value of traits of either sex that are important for precopulatory behaviors. To explore this prediction, we investigated the relationship between female morphology and male mating success using mate choice experiments in the diaptomid copepod, Eudiaptomus graciloides (Lilljeborg), where intersexual conflict seems to cause an accumulation of spermatophores among small, easily accessible females. Three randomly selected receptive females were combined with an adult male in small glass vessels containing filtered lake water. After an introduction period of 24 h, copepods were preserved for subsequent morphometric analyses. We examined whether measurements of the different body parts of the males, and the mated and the unmated females correlated with the female mating status/male mating success. The results suggest that mated females had relatively longer furca than unmated females, confirming observations from earlier field studies. Moreover, mated females had a smaller body size and a longer genital double somite compared with unmated females. The results of the experiment, that smaller easily captured females are those first mated, are consistent with predications generated by a model of a sexual conflict. Based on the behavioral sequence and the mechanics of copulation in this system, we discuss the influence of such traits on the observed outcome of mating interactions.
1997; Jersabek et al., 2007) , reduce foraging time, reduce foraging efficiency (e.g. Wilcox, 1984; Watson et al., 1998) or increase energetic expenditure (e.g. Arnqvist, 1989a; Watson et al., 1998) from multiple mating. Such a situation poses intersexual conflict over the mating rate between the sexes (Parker, 1979 (Parker, , 1984 . This conflict is predicted to result in the evolution of traits in males that coerce females into mating at a rate beyond their optimum (Clutton-Brock and Parker, 1995) and in traits of females that reduce the number of costly superfluous copulations (Parker, 1979) . These traits can be manifested behaviorally and morphologically (Arnqvist, 1989b; Rowe et al., 1994; Allen and Simmons, 1996; Arnqvist, 1997; Blanckenhorn et al., 2000) . Male traits that overcome female reluctance can be under strong selection potentially leading to the evolution of intersexual arms races Rowe, 1995, 2002a, b) . Substantial empirical evidence for such a coevolutionary scenario has been documented in several species. For example, many male insects possess claspers that enhance control of copulation (Thornhill and Alcock, 1983; Thornhill, 1984; Arnqvist, 1989b Arnqvist, , 1992 . Likewise, females possess morphological adaptations to aid in rejection of unwanted mates (Arnqvist and Rowe, 1995) .
The behavioral interactions between the sexes of diaptomid copepods during mating appear to be intersexual conflict over the mating rate. Males actively search and chase receptive females and attempt to grasp them. Females respond to this with a vigorous escape reaction and try to dislodge the males (Watras, 1983) , indicating female reluctance to mate. Such female responses upon physical encounter with males are also reported for other copepods and cladocerans (Roff, 1972; Blades, 1977; Maier, 1995; Tsuda and Miller, 1998; Brewer, 1998; Forro, 1997; Titelman et al., 2007; Dur et al., 2011) . During this premating struggle, the male attempts to secure first a furcal and then genital double-somite grasp of the female with its right antennule and right fifth leg, respectively (Berger and Maier, 2001 ). These two points of attachments are critical to subdue reluctant (escaping or jumping) females and males of diaptomid and several other species of copepod possess geniculated antennule(s) and a modified fifth leg that are adapted to grasp females during mating (see Mauchline, 1998) . Additionally, most of the above-mentioned costs of mating are likely to apply to diaptomids. For example, pairs in copulation are, compared with single individuals, more conspicuous to visual predators (Hairston et al., 1983) and have reduced vigilance and escape abilities (Maier et al., 2000) . Thus, a receptive female encountering a number of males will experience increased predation risk from multiple matings, and population-specific mating duration in copepods seems to be closely related to predation pressure (Jersabek et al., 2007) . Moreover, diaptomid females lack seminal receptacles (Cuoc et al., 1989a, b) and hence cannot store sperm. Although a single mating before each clutch production is often sufficient and does not limit female reproductive success (Watras and Haney, 1980; Watras, 1983; Chow-Fraser and Maly, 1988; Berger and Maier, 2001 ), a high proportion of diaptomid females mate multiply both in the laboratory and in the field (e.g. Berger and Maier, 2001; Ali, 2007; Ali et al., 2009) . Additionally, double mated females show no higher fitness, measured as egg-sac production, clutch size, fertility, hatching rate, body size and survival of early stage offspring, compared with single-mated females. In sum, these findings suggest intersexual conflict over the mating rate.
Any trait that would increase the ability of diaptomid females to resist males during premating struggle would decrease the overall cost to females. Likewise, a trait that would enhance the ability of diaptomid males to subdue reluctant females would improve male mating success. Large body size and longer organs powering fast jumps and long antennules, that are involved in the detection of stimuli (Mauchline, 1998) , are associated with, for instance, higher mobility or higher search and escape ability (Dusenbery and Snell, 1995; Hedge and Krishna, 1997; Maly and Maly, 1999; Biedemann, 2002) . We hypothesized that large body size or well-developed locomotory and sensory organs would increase the female's ability to thwart harassing males and thereby increase the female control over the rate of copulations and decrease the overall cost of harassment by males. At the same time, relatively short morphological segments or contact areas on the female where males make initial contact and further position themselves during mating would make it more difficult for males to grasp females firmly. Thus, if the female reluctance hypothesis is the primary mechanism of selection in Eudiaptomus graciloides (Lilljeborg) as suggested by previous observations (Ali, 2007; Ali et al., 2009) , then male mating success would be: (i) negatively related to female body size or segment size (e.g. such as size of antennules that are important for detection and initiating escape of females) and (ii) males should more easily manage to mate with females with large caudal furca and genital double somite, all regions of importance for precopulatory clasping behaviors. Here we test these predictions in E. graciloides using mate choice experiments.
M E T H O D
Live E. graciloides were collected from lake Takvatn (18859 0 5 00 E, 6987 0 31 00 N) by vertical hauls from 30-m depth to the surface using a conical net (diameter, 30 cm) fitted with a mesh size of 50 mm. The copepods were kept in lake water in 30-L plastic tanks and transported to the laboratory. Here the animals were transferred to 25-L maintenance aquaria and kept in controlled lighttemperature room (3 + 18C; 18:6 h light: dark cycle, provided by 20-Wt incandescent lamps generating 0.25 -0.30 W m 22 to the water surface depending on the position of the aquaria). The next day, adult males and adult unmated females were sorted with the aid of a dissecting microscope and kept separately, to prevent them from mating before the experiment, in 2-L beakers containing filtered lake water (100 animals per bottle). The animals were fed with laboratory cultured Scenedesmus gracilis at a concentration of 5 Â 10 4 cells mL
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. In diaptomids, mating usually takes place when the female has ripe oocytes (Chow-Fraser and Maly, 1988) . Thus, after 4 days of separation, three adult females with ripe oocytes, recognized as dark bands in the prosome (Berger and Maier, 2001) , were randomly selected and combined with an adult male in a 30-mL glass vessel containing 25 mL of filtered lake water. Three females were used in each vial to increase the chance of mating. To obtain a large number of mated animals, covering a broad range of size ratios, 150 experimental units were used. The vials were kept under the same condition as described above. After a period of 24 h, copepods were fixed using a 4% formaldehyde solution for later measurement, after narcotizing them with 5% alcohol to avoid violent reactions that may result in dropping of spermatophore or egg sac (Gannon and Gannon, 1975) .
The presence of a spermatophore or a fertilized egg on the female genital double somite was considered as evidence of mating. This method of scoring does not capture attempts that have been made but not resulted in extrusion of spermatophore, nor does it include matings that have taken place but for which no evidence of attached spermatophore or fertilized eggs is left on the females (it is difficult to differentiate such mated females from unmated ones). Yet, differentiation was made between females with fertilized clutches and females with unfertilized clutches; unfertilized eggs would disintegrate and appear as a gray mass in the clutch sac, whereas fertilized ones would remain distinct and dark (Watras and Haney, 1980) . Females with unfertilized eggs were considered unmated. Since diaptomids produce only one clutch per mating event (Watras and Haney, 1980; Watras, 1983; Williamson and Butler, 1987) , the fertilized clutches were assumed to be produced from our experimental mating. In 58 of our experimental units, we found one mated female and two unmated females. However, as some animals were lost during handling for size measurement, we ended up with 39 units for statistical analysis, each having one male, one mated female and two unmated females.
The relevant body parts of the males and females were measured as follows. With the help of a drawing mirror fitted on a compound microscope, we drew the images of the different body parts of interest on to a sheet of paper. The drawing of female and male antennules, the female furca and the male right fifth leg, including the claw, were taken after dissecting or detaching them from the body. Linear measurements of the drawings were later made with a ruler to the nearest 0.01 mm. The length of antennules and male right fifth leg, including the claw, were obtained by following the curved drawing traced on the paper with a measuring wheel. While dissecting, detaching and drawing, the animals were placed separately in a drop of water on excavated slides. Drawings of the female genital double somite, female furca and male right fifth legs with the claw were made at Â160 magnification, whereas for the remaining body parts Â100 magnification was used. Body size (i.e. prosome length and width) and antennule length of both sexes, and morphological parts that males use to hold on females (i.e. female furca and genital double somite) and those used to hold onto the female during mating (i.e. male right antennules and right fifth legs) were included in the measurements (Fig. 1) . Measurements of these body parts or morphological traits were highly repeatable, with R 2 ranging from 0.97 to 0.99 (see Ali, 2007; Ali et al., 2009 for details) . Consequently, each measurement was taken only Fig. 1 . Diagrammatic illustration of the external morphology of female Eudiaptomus graciloides indicating measurements taken and other body parts. PRL, prosome length; GSL, genital double-somite length; GSW, genital double-somite width at the spine; FUL, furca length; ANL, antenna length; CE, cephalosome; ME, metasome; UR, urosome. once. We were not able to get morphological measurements of all traits from all animals and so the sample size varies throughout.
Statistical analysis
All morphometric measures were centered and standardized before the analyses were carried out. All selection coefficients reported are thus standardized selection coefficients (Lande and Arnold, 1983; Endler, 1986) . The influence of morphological characters on mating likelihood was estimated by conditional logistic regression (Campbell, 2006) . Conditional logistic regression was required due to the complex study design with matched unmated and mated females (1 -2 case -control design, see Hosmer and Lemeshow, 2000) . To measure the direct effect of selection on a given trait as well as of the indirect effects of selection on correlated characters, we used conditional logistic regression analyses of female mating status (1 ¼ mated, 0 ¼ unmated) on the different measures of female body size components, employing separate analyses for each trait. To measure the direct effect of selection on a given trait independently of the others, we used multiple, conditional logistic regression analyses of female mating status on all female morphological variables. To assess any potential relationship of male morphology with female morphology affecting male mating success, we used conditional logistic regression analyses of female mating status on the logarithms of the different size ratios between the sexes [log (female/male)]. Significances of the parameter estimates (for both simple and multiple logistic regressions) and of the model (for the multiple logistic regression) were determined by likelihood ratio x 2 tests and no adjustments were conducted for multiple comparisons (Nakagawa, 2004) .
R E S U LT S
Summary statistics for female and male size measurements are given in Table I . Prosome length is shorter in males than in females and also less variable (F ¼ 671.3, P , 0.001, ANOVA; F ¼ 0.43, P , 0.001, F-ratio test, respectively, n ¼ 277) and similar sex differences are also found for the length of the antennas (right antenna F ¼ 419, P , 0.001, ANOVA, F ¼ 0.44, P , 0.001, F-ratio test, n ¼ 228; left antenna F ¼ 253.4, P , 0.001 ANOVA, F ¼ 0.62, P ¼ 0.012, F-ratio test, n ¼ 225). Univariable and multivariable regression coefficients as predictors of the mating status of females/male mating success are presented in Table II . Separate analyses of the impact of the different morphological components of females on mating status revealed that genital length and furca length were positively related to male mating success. The rest of the traits measured were weakly related to male mating success in univariable models (Table II) .
When analyzing all measured traits of females using a multivariate model that adjusts for the effects of selection on correlated characters, the furca size of females was found to be positively related to mating status, while the body length and antennule length were negatively related to mating status (Table II) . Genital somite width and left antennule, also in the multivariate model, did not significantly predict male mating success. Therefore, the mated females had relatively long genital double somite, long furca and short body length compared with the two unmated females.
Among the different sex size ratios [log (female/male)] analyzed in univariable models, the size ratios of female furca to male right antennule, female genital double somite to male fifth leg, female right antennule to male LR represent 22 log likelihood ratio (n ¼ 92). *P 0.1, **P , 0.05, ***P , 0.01.
A. K. ALI ET AL. j MATING IN EUDIAPTOMUS GRACILOIDES
right antennule and female right antennule to male right antennule produced a positive association with male mating success. In a multivariable model, there was a negative association between male mating success and size ratios of female-to-male body size and a positive association of female to male antennule length and female furca to male right antennule. Hence, males are more successful in mating with small females, and females with longer genital double somite, longer antennules and longer furca.
D I S C U S S I O N
We predicted that individuals of species exhibiting intersexual conflict over the mating rate, such as E. gracilodes, should exhibit correlations between mating success and the phenotypic value of traits that are important for mobility and escape ability of female and regions that are of importance for male precopulatory clasping behaviors or for thwarting the other sex. In accordance with the expectations, male mating success was inversely associated with female body size and antennules (weakly). A study of sexual selection relating female morphology and mating frequency, as indicated by the number of externally attached spermatophores, in a wild caught E. gracilodes has demonstrated that large females and females with prolonged antennules and short furca are mated less frequently than small females and females with short antennules and long furca (Ali et al., 2009) . In the present study, the lack of a strong negative association between female mating status and antennule length might be an effect of the experimental procedure, as the container used for mate selection might not be large enough for females to use their full potential of escape reactions. However, these findings agree with our predictions developed from the behavioral sequence and the mechanics of the premating struggle described in the Introduction. In a system involving intersexual conflict over the mating rate, the major determinant of mating success appears to be the strength of a female to repel mates or morphological adaptation that aid in rejection of unwanted mates and of a male to withstand such rejection response of a female during the premating struggle Rowe, 1995, 2002a, b; Rowe and Arnqvist, 2002; Dur et al., 2011) . According to these hypotheses, the outcome of premating conflicts is determined, in part, by the relative sizes of the two interacting individuals (Fairbairn, 1988 (Fairbairn, , 1990 Sih and Krupa, 1992; Arnqvist et al., 1997) . From the female perspective, among others, such morphological traits that would increase their efficiency at rejecting harassing males are expected to be body size and antennules (Ali et al., 2009) . This is because the strength of mobility and escape ability are known to be associated with body size and/or lengthened organs such as antennules that are involved in the detection of environmental stimuli (Dusenbery and Snell, 1995; Hedge and Krishna, 1997; Mauchline, 1998; Maly and Maly, 1999; Biedemann, 2002) . Therefore, our findings are most consistent with the hypothesis that females evolved the rejection response to avoid mating, which presumably carries a cost. Additionally, large females and females with longer antennules (Ali et al., 2009 ) seem more powerful and hence able to reject males more easily in premating struggle and consequently, mate less frequently than do small females or females with short antennules. There is no comparable evidence of such relationships from closely related species of copepods, but observations in the seaweed fly, Coelopa ursine with similar mating behavior have revealed that large females reject males more easily than small females and that male mating success is negatively associated with female size (Crean and Gilburn, 1998) . Moreover, as expected the length of female furca and genital double somite are directly correlated with the mating status of females (i.e. male mating success). These two morphological traits of females are regions of importance for male precopulatory clasping behaviors (Mauchline, 1998; Berger and Maier, 2001 ). Hence, any female trait/behavior that makes it more difficult for males to achieve a firm furcal and genital somite grip should be beneficial for females, thereby decreasing the frequency of superfluous and costly mating Rowe, 1995, 2002a, b; Rowe and Arnqvist, 2002) . While such traits are unlikely to be furca and genital length per se, a reasonable hypothesis is that size of such traits is one of the possible factors that influence directly the efficiency of males' grip on them. Consequently, females with relatively short furca and short genital somite are able to dissociate the males' grip more easily during the struggle, thereby making it more difficult for them to secure mating position and impeding access to the genital field where males attach their spermatophores. It could still be argued that other female behaviors, such as (the degree of ) downward curling/ tilting of the urosome (Yen, 1988; pers. obs.) that comprises the genital somite and the furca in conjunction with the influence of their size, might also contribute to the observed nonrandom mating pattern with respect to these female traits. In support of this suggestion, the effect of such female abdominal curling during mate rejection behavior in influencing males' grip and in resulting nonrandom mating with respect to certain male phenotype has been shown in many insects exhibiting intersexual conflict over the mating rate and possessing flexible female abdomen (e.g. Weall and Gilburn, 2000) . In summary, our results are more consistent with predictions and assumptions of the female reluctance hypothesis, which holds that the efficacy of females resistance, and hence their mating activity, is related to the morphological characters that effect such behavior, which function as arms in premating conflicts (Arnqvist, 1989b; Rowe et al., 1994; Allen and Simmons, 1996; Arnqvist, 1997; Holland and Rice, 1998; Blanckenhorn et al., 2000; Gavrilets et al., 2001) .
Our previous and current results do also provide a basis for assessing the important assumptions of the model of sexual selection hypothesis via quality-based mate choice. Such a model assumes that choosiness in either sex is favored by high variance in quality among individuals of the other sex (Parker, 1983a, b; Andersson, 1994) . From the male perspective, the key factor in such mate quality is expected to be female fecundity, which determines a male's expected fertilization success from the mating. Thus, male mate choice is expected at low operational sex ratios (Dur et al., 2012; Heuschele et al., 2013) where there is a considerable variation in potential female fecundity (Ceballos and Kiørboe, 2011) . Female size is known to be positively associated with fecundity in diaptomids including E. graciloides (e.g. Smyly, 1968; Maly, 1973 Maly, , 1983 . Therefore, if large females are more valuable to males (by virtue of their increased fecundity), then this hypothesis predicts that males mating success would be an increasing function of female body size, where males mate disproportionally with larger, more fecund females. However, the observed inverse association between female size and mating success do not conform to this hypothesis and hence, we have no support for quality-based models of male mate choice.
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